Immunochemical analysis of the
Introduction
Yokenella regensburgei (Koserella trabulsii) is a Gram-negative bacterium of the Enterobacteriaceae family that resembles Hafnia alvei both biochemically and at the genetic level (Kosako et al. 1984; Farmer et al. 1985; Hickman-Brenner et al. 1985) . Y. regensburgei has been isolated mainly from humans, e.g. from wounds and knee fluid, respiratory tract, urine, sputum, and from a stool. A few strains were isolated from insect intestines and from well water (Brenner 1992) . Y. regensburgei has been implicated as an opportunistic pathogen in humans, especially under immunocompromised conditions. Most of the strains were resistant to penicillin, ampicillin, carbenicillin, colistin, and cephalothin (Abbott and Janda 1994) .
The lipopolysaccharide (LPS) typically consists of O-specific polysaccharide, core oligosaccharide, and lipid A. All these components are important for the biological and physical properties of the LPS molecule and take part in the pathogen-host interactions. To date, only the structures of the O-specific polysaccharides from four strains, PCM 2476, PCM 2477, PCM 2478, and PCM 2494, have been elucidated (Jachymek et al. 1999) . These strains share the same basic structure of the O-repeating unit, composed of the trisaccharide →3)-α-D-FucpNAc-(1→2)-L-α-D-Hepp-(1→3)-6-deoxy-α-L-Talp-(1→ differing only in the O-acetylation patterns of the 6-deoxy-L-talose, with 2-and 4-O-acetyl disubstituted →3)-6-deoxy-α-L-Talp-(1→ in strain PCM 2476 and 2-O-acetylated form of this residue in the strains PCM 2477, PCM 2478, and PCM 2494. Previously reported immunochemical analysis of the cross-reaction profiles of antibodies against the O-antigens of the Y. regensburgei strains PCM 2476 and PCM 2477 (Jachymek et al. 1999) showed reactivity of those antibodies in the immunoblotting with the highly polymerized fractions of the LPS separated by SDS-PAGE. It has also indicated an anomaly, appearing as the lack of cross-reactivity between the LPS fractions with the exposed core oligosaccharides, which were not substituted by the Orepeats (fast-migrating fractions). This observation suggested structural origin for the difference in immunogenicity of the core oligosaccharides.
The core oligosaccharide is vital for biological and physical properties of the lipopolysaccharide and plays a significant role in interactions with the host. The structures of the core oligosaccharides of the Y. regensburgei strains PCM 2476 and PCM 2477 LPS have been investigated by 1 H and 13 C NMR spectroscopy and MALDI-TOF mass spectrometry combined with chemical analysis. This study presents for the first time the structures of the core oligosaccharides of Y. regensburgei, revealing the two glycoforms (immunotypes) recognized by the antibodies obtained against the whole bacterial cells. The herein-described undecasaccharides represent novel core types of bacterial LPS that are characteristic for Y. regensburgei.
Results

Antibodies against the Y. regensburgei O-antigens and immunotypes of the core oligosaccharides
To date, analysis of the O-antigens of Y. regensburgei was limited to the structures of the O-specific polysaccharides and T Niedziela et al. Fig. 1 . Antibodies against the whole bacterial cells of Y. regensburgei PCM 2476 and PCM 2477 reveal two glycoforms despite the apparent identity of the core oligosaccharides. (A) Reactivity of the antibodies with the LPS of strains PCM 2476 and PCM 2477: the nonabsorbed sera (Ab76 and Ab77), the isolated antibodies Y2477/Ab76, Y2476/Ab77, and Y2478/Ab77; (B) MALDI-TOF mass spectra of the core oligosaccharides of Y. regensburgei PCM 2476 and PCM 2477. The spectra were obtained in the negative reflectron mode with 2,4,6-trihydroxyacetophenone as a matrix. m/z-Values represent average masses. Only the relevant parts of the spectra are presented. The low-intensity ions marked with asterisks (m/z ∼2045 and m/z ∼2063) correspond to the glycinylated forms of the oligosaccharides. Y2477/Ab76 denotes the antiserum against the O-antigen of strain PCM 2476 absorbed with the bacterial cells of strain PCM 2477, Y2476/Ab77, and Y2478/Ab77 refer to the antisera against the O-antigen of strain PCM 2477 absorbed with the bacterial cells of strain PCM 2476 and PCM 2478, respectively. The LPSs were separated by SDS-PAGE using a 15% separating gel and transblotted onto nitrocellulose. The antibodies were 200-fold diluted. The lanes containing the isolated lipopolysaccharides (3 μg/lane) of strains PCM 2476 and PCM 2477 are designated at the top.
the immunochemical relationship between these LPS segments (Jachymek et al. 1999) . In the immunoblotting test, using the crude anti-O-antigen sera (Ab76 and Ab77) and the LPS separated by SDS-PAGE, no cross-reaction was noted between the fast-migrating LPS fractions of the strains PCM 2476 and PCM 2477 ( Figure 1A ). These fractions represented populations of the rough LPS molecules that are devoid of the Orepeating units, suggesting the presence of two different core structures.
In an attempt to isolate antibodies specific for the respective core oligosaccharides and capable of discriminating between them, crude antisera were absorbed with Y. regensburgei bacterial cells as described in the Materials and methods section. Reactivity of the nonabsorbed antibodies with Y. regensburgei LPS was tested in immunoblotting. The antisera against the O-antigen of the strain PCM 2477 absorbed with the bacterial cells of the strains PCM 2476 (Y2476/Ab77) and PCM 2478 (Y2478/Ab77) yielded antibodies that reacted with the fast-migrating LPS fraction of the strain PCM 2477. The Y2476/Ab77 antibodies reacted predominantly with the OSlipid A molecules, but also to a lesser extent with the OS-lipid A substituted with the O-repeats. This reaction pattern could be explained by the difference of the O-antigen structure between the two strains used for absorption -the strain PCM 2476, having the O-specific polysaccharide cross-reactive but not identical to that of PCM 2477 -leading to an incomplete absorption of antibodies recognizing the O-repeating units. This difference in the O-antigen structure between the strains PCM 2476 and PCM 2477 can also account for the reaction profile of the antibodies Y2477/Ab76. It can be noted that the obtained Y2477/Ab76 antibodies reacted with the slow-migrating LPS fraction of the strain PCM 2476, representing core OS-lipid A molecules substituted with a different number of the O-repeats. However, the isolated Y2478/Ab77 antibodies reacted exclusively with the OS-lipid A molecules. They were specific for the core oligosaccharide of the strain PCM 2477 and did not cross-react with that of the strain PCM 2476 ( Figure 1A ). The specificity of the Y2478/Ab77 antibodies was further confirmed by ELISAinhibition assay. The core oligosaccharide of the strain PCM 2477 showed 50% inhibition of the reaction of the Y2478/Ab77 antibodies with Y. regensburgei PCM 2477 LPS at a concentration of 8.3 μM whereas the core oligosaccharide of the strain PCM 2476 showed no inhibitory activity at this concentration.
Isolation and chemical analysis of the core oligosaccharides
The LPSs of the Y. regensburgei strains PCM 2476 and PCM 2477 were isolated by the hot phenol/water method and analyzed by SDS-PAGE, showing fractions consisting of core oligosaccharides substituted by a different number of O-repeats separated from LPS with unsubstituted core oligosaccharides.
The O-specific polysaccharide and core oligosaccharide were liberated by mild acidic hydrolysis of the LPS and isolated by gel filtration on Bio-Gel P-10. In addition to the polysaccharide fraction, which was analyzed and reported previously (Jachymek et al. 1999) , two fractions with lower molecular mass components were isolated, i.e., an intermediate fraction containing shorter polysaccharide chains and an oligosaccharide fraction consisting of a core oligosaccharide (OS). The core OS fractions of the strains PCM 2476 and PCM 2477 were further purified on a Bio-Gel P-2 column. As the initial NMR investigation indicated the presence of uronic acid, Kdo and one glucosamine in the oligosaccharides, all subsequent sugar and methylation analyses were done on N-acetylated and carboxyl-reduced oligosaccharides in order to facilitate acid hydrolysis and detection of the monosaccharide components of the core. 
-substituted D-GlcpNAc, and 5-substituted Kdo (relative proportions 2.0:1.0:1.2:0.6:0.9:0.9:1.0:1.0:0.6:0.3) in the core OS of the strain PCM 2476. In the core oligosaccharide of the strain PCM 2477, the ratio of terminal D-Glcp to terminal D-Galp was altered (relative proportions 1.0:2.0). All other components and ratios were found to be approximately the same as in the OS of the strain PCM 2476. The substitution positions, the ring forms, and the absolute configuration of heptoses were further supported by NMR data (see below).
MALDI-TOF MS analysis of the core oligosaccharides
The MALDI-TOF mass spectra of the core oligosaccharide fractions of the strains PCM 2476 and PCM 2477 ( Figure 1B 
NMR analysis of the core oligosaccharides
The 1 H and HSQC-DEPT NMR spectra of the core oligosaccharides isolated from the Y. regensburgei strains PCM 2476 ( Figure 2A ) and PCM 2477 ( Figure 2B ) contained main signals for 10 anomeric protons and carbons, and in addition, a Kdo spin system, confirming an undecasaccharide. All these spectra were complex and contained unresolved signals. The spin-systems were assigned by COSY, TOCSY with different mixing times, HSQC-DEPT, and HSQC-TOCSY experiments. By comparison of the chemical shifts with previously published NMR data for respective monosaccharides (Gorin and Mazurek 1975; Jansson et al. 1989; Süsskind et al. 1998 ) and considering the 3 J H,Hvalues for the coupling between ring protons, the sugars were identified and their anomeric configuration determined. All the spin systems comprising 1 H and 13 C resonances (Table I and  Supplementary Table SI) were identified, using the previously described procedures (Niedziela et al. 2002) . The monosaccharides in the oligosaccharide of Y. regensburgei PCM 2476 are notified by upper case letters through the entire text, tables, and figures. In the core oligosaccharide from the strain PCM 2476, the following residues were identified. In the HSQC-DEPT spectrum, the negative H-6a/C-6 signal of the residue B cancelled out the resonance H-4/C-4 of the residue C; thus, the assignments of these resonances were additionally supported by the HSQC experiment without the DEPT sequence. Residue H with the H-1/C-1 signals at δ 4.92/100.8 ppm (J H−1,H−2 < 2 Hz, J C−1,H−1 172 Hz) was recognized as 7-substituted L-glycero-α-D-manno-Hepp residue on the basis of the small vicinal coupling constants between H-1, H-2, and H-3 and the relative high chemical shift of the C-7 signal (δ 72.2). The chemical shift value of the C-6 signal at δ 67.8 ppm suggested the L,D-configuration of this residue. Similarly to the residue C, the C-6 resonance was shifted upfield comparing to the value for a nonsubstituted L,D-Hepp due to the β-effect induced by glycosylation at position 7 with a β-D-GalpA.
Residue I with the H-1/C-1 signals at δ 4.59/102.7 ppm (J H−1,H−2 7.8 Hz, J C−1,H−1 163 Hz) was recognized as terminal β-D-Glcp on the basis of the strong vicinal couplings between all ring protons and similar 1 H and 13 C chemical shifts as those in the monosaccharide β-D-Glcp.
Residue J with the H-1/C-1 signals at δ 4.42/102.8 ppm (J H−1,H−2 7.6 Hz, J C−1,H−1 163 Hz) was assigned as the terminal β-D-GalpA residue based on the characteristic five proton spin system, the high chemical shifts of the H-4 (δ 4.21) and H-5 (δ 4.06) signals, and the 13 C chemical shift of the C-6 signal (δ 175.3), the large vicinal coupling constant between H-2 and H-3, and the small vicinal coupling constants between H-3, H-4, and H-5.
Residue K was identified as a 5-substituted Kdo on the basis of two characteristic deoxy proton signals, at δ 1.83 (H-3ax) and δ 2.18 (H-3eq), and the high chemical shift of the C-5 signal (δ 74.8 ppm).
Additional carbonyl resonances at δ 168.4 ppm (PCM 2476) and δ 168.8 ppm (PCM 2477) in the HMBC spectra and negative CH 2 crosspeaks (H α δ 3.97, 4.05 ppm, C α δ 40.4 ppm for the OS from the strain PCM 2476 and H α δ 4.00, 4.06 ppm, C α δ 40.8 ppm for the OS from the strain PCM 2477) in the HSQC-DEPT spectra of the oligosaccharides suggested the presence of glycine (data not shown). Furthermore, the MALDI-TOF mass spectra revealed minor ions at m/z ∼2045 and m/z ∼2063 ( Figure 1B ) and the mass difference of 57 compared to the main ions indicated the glycinylated forms of the oligosaccharides. However, the linkage between the glycine and the core is only implicit as neither NOESY nor HMBC experiments showed any supporting correlation.
The complete 1 H and 13 C chemical shift data for the core oligosaccharide of the strain PCM 2477 have been included in the Supplementary material (supplementary Table SI ) and the corresponding residues were marked with lower case symbols ( Figure 2B ).
In the core oligosaccharide isolated from the strain PCM 2477, a terminal α-D-Galp (residue g) was identified instead of the terminal α-D-Glcp (residue G). The residue g with the H-1/C-1 signals at δ 5.00/99.1 ppm (J H−1,H−2 3.6 Hz, J C−1,H−1 172 Hz) was assigned on the basis of the large vicinal coupling between H-2 and H-3, the small vicinal couplings between H-3, H-4, and H-5, and chemical shifts similar to that of the monosaccharide α-D-Galp (Jansson et al. 1989) . All other residues in the core oligosaccharide of the strain PCM 2477 were the same as the corresponding ones in the core oligosaccharide of the strain PCM 2476 with the chemical shift values measured within the experimental error (supplementary Table SI ). The 1 J C−1,H−1 values obtained from a nondecoupled HSQC experiment confirmed the α-pyranosyl configuration for residues A through H and β-pyranosyl configuration of residues I and J.
Each disaccharide element in the core oligosaccharides was identified by NOESY (Figure 3 , supplementary Figure S1 ) and HMBC (Figure 4 , supplementary Figure S2 ) experiments that showed inter-residue connectivities between adjacent sugar residues and thus provided the sequence. In the oligosaccharide of the strain PCM 2476, the inter-residue NOEs (supplementary Table SII Table SIII) were also identified between the residues in the core oligosaccharide of the strain PCM 2477. In both oligosaccharides, H-1 of G (g) showed only the inter-residue NOE connectivity to H-6 pro-S of B (b), suggesting that similar conformations with the short T Niedziela et al. distance between these protons are preferred for both disaccharide segments (Jansson et al. 1994 ).
The substitution of residue A at C-2 was additionally confirmed by the NOE observed between H-1 (δ 5.11) of residue E (D-α-D-Hepp) and H-1 (δ 5.56) of residue A (2,4-disubstituted α-D-GalpA). The HMBC spectra showed cross-peaks between the anomeric proton and the carbon at the linkage position (Figure 4A , supplementary Figure S2A ) and between the anomeric carbon and the proton at the linkage position ( Figure 4B , supplementary Figure S2B ) for each disaccharide element (supplementary Tables SII and SIII) .
The results from all NMR experiments agree with data from the sugar and methylation analyses and thus confirm the core undecasaccharide structures (Figure 5 ) of Y. regensburgei LPS, which differ only by a single hexose substitution.
Discussion
The core oligosaccharides of Enterobacteriaceae and related families are built of the outer core, composed mainly of hexoses, and the inner core, containing the LPS-specific components, i.e., heptose and Kdo. The inner core is typically substituted by charged groups such as phosphate, pyrophosphate, 2-aminoethylphosphate, or 2-aminoethylpyrophosphate. However, the core oligosaccharides of Y. regensburgei are devoid of these charged groups and the only negative charges are provided by carboxyl groups of Kdo and galacturonic acid. It is worth noting that, unlike most of the core oligosaccharides of Enterobacteriaceae, the outer and inner core segments cannot be clearly distinguished.
The antibodies directed against the whole bacterial cells of either of the investigated strains (PCM 2476, PCM 2477) did not react with the fast-migrating LPS fraction of the other strain. As we have now demonstrated, the lack of cross-reactivity correlates with the structural difference between the core oligosaccharides of these strains. We have identified the terminal α-D-Glcp (residue G) in the OS of the strain PCM 2476 and instead, the terminal α-D-Galp (residue g) in the OS of the strain PCM 2477 -located at the distal part of the outer core. Noticeably, apart from the α-D-Glcp-to-α-D-Galp variation, the oligosaccharides were identical, including the constituents, their sequence, configuration, and linkage positions (Table I and supplementary  Table SI ). Both D-Galp and D-Glcp residues have equatorial OH groups at C-2 and C-3, but differ at position 4: D-Galp has an axial OH group at C-4 and in D-Glcp the OH group at C-4 is equatorial. It has been discussed previously (Perez et al. 1996 ) that in aldopyranose residues, the configuration at C-4 determines the conformational equilibrium about the C-5-C-6 bond leading to differently populated rotamers of glucopyranosides (gauche-gauche and gauche-trans conformations tend to be equally populated) and galactopyranosides (trans-gauche and gauche-trans conformers are preferred). Moreover, the presence of the (1→6)-glycosidic linkage in the oligosaccharides provides an additional axis of rotation about the C-5−C-6 bond. This results in variations of the rotamer populations thus influencing structure and function of the oligosaccharides (Kirschner and Woods 2001) . Effectively, this could lead to a different spatial arrangement of the residues at the distal part of both core oligosaccharides, resulting in formation of two different epitopes that were discriminated by the specific antibodies. The core oligosaccharides described herein represent new structures identified for the LPS of the genus Yokenella.
Material and methods
Bacteria
The Y. regensburgei strains PCM 2476 and 2477 were obtained from the Polish Collection of Microorganisms at the Institute of Immunology and Experimental Therapy, Wroclaw, Poland. The bacteria were grown and harvested as described previously (Petersson et al. 1997; Jachymek et al. 1999) .
Lipopolysaccharide and core oligosaccharides LPS was extracted from bacterial cells by the hot phenol/water method (Westphal and Jann 1965) and purified as previously reported (Petersson et al. 1997) . The yield of LPS was 1.7% of the dry bacterial mass. LPS was degraded by treatment with 1.5% acetic acid containing 2% SDS at 100
• C for 15 min. The reaction mixture was freeze-dried, SDS removed by extraction with 96% ethanol, and the residue suspended in water and centrifuged. The supernatants were fractionated by gel permeation chromatography, using columns (1.6 × 100 cm) of Bio-Gel P-10 and Bio-Gel P-2, equilibrated with the 0.05 M pyridine/acetic acid buffer, pH 5.6. Eluates were monitored with a Knauer differential refractometer and all fractions were checked by 1 H NMR and MALDI-TOF MS, and freeze-dried. The O-specific polysaccharide (yield ∼15% of LPS) separated from shorter chains (yield, 1.8% of LPS) and core oligosaccharide (OS, yield, 13.5% of LPS). The core oligosaccharide fractions were further purified by chromatography on Bio-Gel P-2.
Analytical procedures
The LPS was analyzed by SDS-PAGE according to the method of Laemmli (1970) with modifications described previously . The LPS bands were visualized by the silver staining method (Tsai and Frasch 1982) . Monosaccharides were analyzed as their alditol acetates by GC-MS (Sawardeker et al. 1965; Petersson et al. 1997) . The absolute configurations of the monosaccharides were determined as described by Gerwig et al. (1978 Gerwig et al. ( , 1979 using (−)-2-butanol for the formation of 2-butyl glycosides. The trimethylsilylated butyl glycosides were then identified on GC-MS by comparison with authentic samples, that is the trimethylsilylated butyl glycosides produced from respective monosaccharides and both (−)-2-butanol and (+)-2-butanol. Carboxyl reduction of the core oligosaccharide was carried out according to the method of Taylor et al. (1976) as described previously (Petersson et al. 1997) . Methylations were performed according to the method of Hakomori (1964) . The methyl esters in the methylated oligosaccharides were reduced with Superdeuteride [LiB(C 2 H 5 ) 3 2 H] as described by Bhat et al. (1991) . The methylated sugars were analyzed by GC-MS as previously described (Petersson et al. 1997 ). GC-MS was carried out with a Hewlett-Packard 5971A system using an HP-1 fusedsilica capillary column (0.2 mm × 12 m) and a temperature program 150 → 270
• C at 8
• min −1 . N-Acetylation was carried out as previously described (Niedziela et al. 2002) . Briefly, the oligosaccharide (5 mg) was dissolved in saturated NaHCO 3 (2 mL) at 0
• C and treated with acetic anhydride (3 × 100 μL, with 10 min intervals). Reaction mixture was stored for additional 30 min at 0
• C, the product purified on a column (1.6 × 100 cm) of Bio-Gel P-2, and the N-acetylated OS examined by NMR spectroscopy.
Mass spectrometry MALDI-TOF MS of the investigated oligosaccharides, in positive or negative mode, was run on a Kratos Kompact-SEQ timeof-flight (TOF) instrument and 2,4,6-trihydroxyacetophenone (25 mg/mL in acetonitrile:water, 1:1, v/v) was used as a matrix. The samples were desodiated with Dowex 50 W×8 (H + ).
NMR spectroscopy NMR spectra of the oligosaccharides were obtained for 2 H 2 O solutions at 30
• C on a Bruker DRX 600 spectrometer. All spectra were acquired using acetone (δ H 2.225, δ C 31.05) as an internal reference. The core oligosaccharide fractions were repeatedly exchanged with 2 H 2 O with intermediate lyophilization. The data were acquired and processed using standard Bruker software. The resonances obtained from two-dimensional experiments (COSY, clean-TOCSY, NOESY, HMBC, HSQC-DEPT run with and without carbon decoupling, and HSQC-TOCSY) were assigned using SPARKY-NMR assignment and integration software (Goddard and Kneller 2001) . In the clean-TOCSY experiments, the mixing times used were 30, 60, and 100 ms. The delay time in the HMBC experiment was 60 ms and the mixing time in the NOESY was 200 ms.
Immunizations, polyclonal antibodies, and immunochemical analysis
Polyclonal antibodies against whole bacterial cells were obtained by intravenous immunization of four Belgian Giant rabbits with the PBS suspension of the phenol-killed Y. regensburgei bacteria of the strains PCM 2476 and PCM 2477 (Lugowski and Romanowska 1978) . Rabbits were housed at the animal facility of the Institute of Immunology and Experimental Therapy, Wroclaw, Poland, and all the experiments were carried out according to the procedures approved by the Local Ethical Commission for Animal Experimentation.
The antibodies specific for the core oligosaccharides were isolated from crude antisera by absorption with Y. regensburgei bacterial cells, whose LPS core oligosaccharide structures differed; the antiserum raised against the O-antigen of Y. regensburgei PCM 2476 was absorbed with the bacterial cells of the strain PCM 2477 and the antiserum against the O-antigen of Y. regensburgei PCM 2477 was absorbed with the bacterial cells of the strain PCM 2476. As we reported previously (Jachymek et al. 1999) , the O-repeats of the Y. regensburgei strains have the same components and only their O-acetylation patterns differ. Therefore, to minimize the effect of the O-acetylation variation, the antiserum against the O-antigen of Y. regensburgei PCM 2477 was also absorbed with bacterial cells of the strain PCM 2478 -the strain with the O-specific polysaccharide identical to that of the strain PCM 2477. Briefly, the phenol-killed bacteria (dry, 1 g) were suspended in PBS for 24 h. Bacteria were centrifuged (1000 × g at 4
• C for 30 min) and rinsed three times with PBS (30 mL). The serum (1.5 mL) diluted in PBS (3.5 mL) was added to bacteria suspended in PBS. Mixture was incubated overnight at 21
• C with mixing and centrifuged. Supernatant was added to the fresh suspension of washed bacteria and the procedure was repeated. Supernatant was then filtered (0.2 μm pores), collected in sterile vials, and stored at −21
• C. Reactivity of the isolated antibodies was tested with Y. regensburgei LPS in immunoblotting.
Immunoblotting was done as previously described . A goat anti-rabbit IgG conjugated with alkaline phosphatase (Bio-Rad) was used as the second antibody and the BCIP/NBT (5-bromo-4-chloro-3-indolyl phosphate/nitro blue tetrazolium) was applied as the detection system. Enzyme-linked immunosorbent assay (ELISA), using LPS as a solid phase antigen, was performed by a modification (Jennings and Lugowski 1981) of the method described by Voller et al. (1975) . In the ELISA-inhibition test, the Y2478/Ab77 antibodies (100 μL) at a concentration twice as high as that giving an A 405 in the range 0.5-0.8 were mixed with serial dilutions of the core oligosaccharides (100 μL, concentration range 2-500 μM) and incubated for 1 h at 37
• C. The solution (100 μL) was then transferred into the wells of the microtiter plate coated with LPS of Y. regensburgei PCM 2477 as a solid phase antigen. The reaction was carried out for 15 min at 22
• C. The detection system for ELISA and ELISA inhibition test consisted of a goat anti-rabbit IgG conjugated with alkaline phosphatase (Bio-Rad) as a second antibody and p-nitrophenyl phosphate as a substrate.
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